As quantitative or spatially distributed studies of environmental change over truly long-term periods of more than 100 years are extremely rare, we re-photographed 361 landscapes that appear on historical photographs (1868-1994) within a 40,000 km² study area in northern Ethiopia. Visible evidence of environmental changes apparent from the paired photographs was analyzed using an expert rating system. The conditions of the woody vegetation, soil and water conservation structures and land management were worse in the earlier periods compared to their present conditions. The cover by indigenous trees is a notable exception: it peaked in the 1930s, declined afterwards and then achieved a second peak in the early 21 st century. Particularly in areas with greater population densities, there has been a significant increase in woody vegetation and soil and water conservation structures over the course of the study period. We conclude that except for an apparent upward movement of the upper tree limit, the direct human impacts on the environment are overriding the effects of climate change in the north Ethiopian highlands and that the northern Ethiopian highlands are currently greener than at any other time in the last 145 years.
Introduction
The common perception of a far more luxuriant forest cover in the northern highlands of Ethiopia one hundred years ago (Allen-Rowlandson, 1989; Gore, 1992; Parry, 2003) has been challenged on the basis of historical and stratigraphic evidence (Nyssen et al., 2009; Pankhurst, 1995; Wøien, 1995) . Whether the impact of climate change on land cover and geomorphological processes in such areas may override direct human impacts has been a topic of much debate. Great efforts have been undertaken in northern Ethiopia to control soil erosion at the regional scale, for instance, through the rehabilitation of steep slopes (Descheemaeker et al., 2006b; Descheemaeker et al., 2006c; Nyssen et al., 2007) . Observational studies of land cover in Ethiopia date to the 1960s at the earliest, the age of the oldest available aerial photographs (Kebrom Tekle and Hedlund, 2000; Zeleke and Hurni, 2001 ). The recent rediscovery of large sets of historical terrestrial photographs (Nyssen et al., 2010) allows for this research to now extend back to 1868, when the first landscape photographs were taken during a British military expedition to Ethiopia (Nyssen et al., 2009 ). To date, limited subsets of these historical photographs have been used to study certain time periods (Nyssen et al., 2009; Nyssen et al., 2008) , but the increased availability of historical photographs and the relocation and rephotography of the sites they captured have made it possible to conduct trend analyses. In this paper, we present (1) a new methodology to analyze and present spatial trends in environmental changes that have occurred since the late 19 th century using the evidence provided by historical terrestrial photographs, (2) the application of this method to the northern Ethiopian highlands, and (3) an analysis of the drivers of the changes that have occurred. *** Figure 1 approximately here ***
Study area
The study area lies in the northern Ethiopian highlands between 11° and 14°30' N ( Fig. 1) , extending over an area of ca. 40,000 km². The major lithologies are Mesozoic sandstone and limestone and Tertiary volcanic rocks. Erosion in response to the Miocene and Plio-Pleistocene tectonic uplifts (on the order of 2500 m) resulted in the formation of tabular, stepped landforms (between 2000 and 2800 m a.s.l.), reflecting the subhorizontal geological structure (Beyth, 1972; Kieffer et al., 2004; Merla, 1938) .
Mountain ranges rise locally to 3500 m a.s.l. The mean annual rainfall ranges from 560 to 1100 mm yr -1 (1500 mm yr -1 in the Simien Mts.), with a unimodal pattern (northern hemisphere summer rains), except in the southern part of the study area, where a second (shorter) rainy season in spring locally allows for the growth of two successive crops within one year Nyssen et al., 2005; Rosell and Holmer, 2007) . Given the variability in precipitation patterns across the country (Nyssen et al., 2005) , rainfall tendencies are also variable. The northwest has maintained a constant precipitation pattern, with a decline in the mid-1980s, whereas the northeast has experienced a decline in precipitation since 1996 (Verdin et al., 2005) .
The dominant land use is small-scale, rain-fed subsistence agriculture, upon which the primary constraints are inadequate soil water availability and excessive soil erosion. In the 19 th and early 20 th centuries, a feudal land-tenure system prevailed, and for many people, the marginal slopes were the only accessible land resource (Fig. 2 ). More recently, the historical photographs generally show that the cultivated and forest/woodlot domains have been extended at the expense of rangeland (Fig. 3 ).
*** Figure 2 approximately here *** *** Figure 3 approximately here *** Since the late 1970s, a land-tenure regime has been introduced, leading to an approximate equalization in the size of landholdings among households. Hendrie (1999) stated that "there is no single household or other kind of social group capable of concentrating land in large amounts", and this statement was still valid in 2013 in the study area. The total population size of Ethiopia (current boundaries) in 1868 was interpolated at 6.6 million from estimates dating back to 1820 and census results that began in the 1950s (Maddison, 2006; McEvedy and Jones, 1978) . In contrast, the population in 2011 was approximately 82 million people. More precise historical data or estimates for the study area are not available. The low population numbers for the late 19 th and early 20 th centuries are corroborated by the small number of houses visible in the majority of the historical landscape photographs (Fig. 4) .
In addition to the famines and droughts that have occurred over the last 145 years, the Ethiopian environment has also undergone several impacts related to internal and international wars (Ståhl, 1990) ( Fig. 3) . Since the 1980s, soil and water conservation (SWC) techniques have been widely implemented, aimed at decreasing surface runoff and enhancing infiltration, sediment deposition and vegetation growth. In the semi-arid to subhumid study area, structures have been designed and constructed to conserve both soil and runoff (Ciampalini et al., 2012; Kumasi and Asenso-Okyere, 2011; Nyssen et al., 2007) . Field studies conducted in the area by the authors beginning in 1972 allow for the interpretation of the quantitative findings of this long-term study.
*** Figure 4 approximately here ***
Materials and methods

Repeat photography
In northern Ethiopia, 361 landscapes ( Fig. 1 , Table 1 ) pictured in historical photographs from as early as 1868 were recently re-photographed. As the name implies, repeat photography means retaking photographs from the same location and of the same subject several times; it requires the precise repositioning of the camera and composition of the subject (Hall, 2001) , which in our case meant rephotographing a distant landscape. Landscape photographs of northern Ethiopia from as long ago as the "Abyssinia expedition" of 1868 were obtained (Nyssen et al., 2010) . Different landscapes that were photographed in 1868, 1905-7, the 1930s, the 1940s, 1972-5 and 1994 were photographed again in the same season and at the same angle between 2006 and 2011 (Table 1) . These photographs cover large parts of the northern Ethiopian highlands, from the Rift Valley shoulder between Adigrat and Kombolcha in the east, extending west to the Simien Mountains (Fig. 1) , and they provide a fair representation of these landscapes since 1868. The location of the interpreted landscapes can be assumed to be random, insofar as the earlier photographers could not foresee the environmental changes that would occur in these areas. The majority of the archival photographs were taken by people in the military and researchers. Hence, to a large extent, they include places that are difficult to access.
Photographs taken in landscapes with steep gradients are not, however, overrepresented in our dataset.
The relocation of the historical photographs was based on the rough location indications written on some of the photographs, detailed scrutiny of maps of the travelers' routes, knowledge of landscape forms induced by various lithologies, and our geomorphological research experience in the study area. The camera positions were obtained through the identification of unique landscape features, such as mountain peaks and drainage ways, and their relative positions. Finally, the exact camera position and orientation were then obtained by aligning both near and distant objects in a triangulation system.
Subsets of the same dataset of repeated photographs have been used in qualitative and semi-quantitative analyses of changes in land use and management between two moments in time (Crummey, 1998; Hurni, 2005; Munro et al., 2008; Nyssen et al., 2009) , to map historical land uses in periods before the existence of aerial photography (Meire et al., 2013) , to analyze climate-induced changes to the upper treeline (Nievergelt, 1998) , to calibrate the categorization of historical land uses as derived from satellite imagery (de Mûelenaere et al., 2013) , or to study gully development (Frankl et al., 2011 2011 photographs were assigned a "zero" value (against which the older photographs were evaluated).
For each pair of photographs, the evaluation of every indicator was then converted into a numerical score, ranging from +2, indicating that the historical condition was "much better" than the current condition (2006) (2007) (2008) (2009) (2010) (2011) , to -2, indicating a "much worse" condition. Given that the scoring method used ordinal variables, the median score per indicator was calculated for each pair of photographs, provided that at least half of the experts thought that the indicator could be observed from the photographs. *** Figure 5 approximately here *** Assuming equivalent intervals (Thurstone, 1928) , the ordinal scale used in the photographic interpretations was converted to a quantitative interval scale, allowing for the statistical analysis and interpretation of the indicators. For each epoch (a period of 20-40 years covering a sufficient number of photographs, centered on the median year of all of the photographs), we calculated the means of the indicators for all sets of paired photographs. The ratings were then plotted against the central dates of the epochs, and the timelines represented by these curves were analyzed. We also performed a spatiotemporal analysis of the explanatory factors for the changes observed. All reliable interpretations of the paired photographs were averaged by polygons, generally 15' latitude by 15' longitude, representing the landscapes of the study area (Table 1 ). The polygon boundaries were adapted to fit the boundaries of the large area of urbanization surrounding Mekelle and to single out the Afro-alpine areas (above 3500 m a.s.l.). The area of a polygon varies with latitude, but each polygon was approximately 750 km². All the photographs within a polygon were considered to be concentrated at its center. *** Table 2 approximately here ***
The calculated values of the indicators for each polygon allowed for an analysis of the spatial variability in environmental status over time. There were 14 raster points (regional averages of photo interpretations) for 1868-1925 (centered on 1900), 15 for 1926-1940 (1935), 4 for 1941-1965 (1950), 19 for 1966-1985 (1975), and 11 for 1986-2000 (1995 Monthly (P m , in mm) and annual rainfall averages (P y , in mm) were interpolated using NewLocClim (FAO, 2013) for the location at the center of each polygon. The interpolation (using a Gaussian distance function) was performed exclusively along a horizontal gradient, as only weak correlations exist between elevation and rainfall in the study area (Nyssen et al., 2005) . For the Simien Mountains, the meteorological stations used by NewLocClim were too distant with elevations well below those of the mountains. Therefore, the data obtained during a measurement campaign conducted at Geech camp (3600 m a.s.l.) between 1968 and 1976 were used (Hurni, 1982) , which recorded much higher values than the NewLocClim extrapolations.
- Fournier's (1962) degradation coefficient (C f , in mm) was calculated using the equation:
where p = the mean monthly precipitation (mm) during the wettest month and P y = the mean annual precipitation (mm).
This coefficient expresses the fact that soil erosion in a specific area, especially under natural conditions, is dependent on the annual and seasonal rainfall. High values of C f were found in regions with strong seasonality, such as the Simien Mountains (despite its overall high yearly rainfall), and low values characterized areas with two rainy seasons, particularly the southern part of the study area. This relatively simple coefficient was used because it did not produce worse correlations than the more complex, modified degradation coefficient (C m ) that includes all the months of the year:
where p i = the mean precipitation of month i, with i representing the different months of the year.
The mean annual air temperature (T y , in °C) was interpolated along an elevation gradient from neighboring stations using NewLocClim data (FAO, 2013) . For the Simien Mountains, this vertical extrapolation was also used because the elevation gradient of monthly temperatures among neighboring, lower-lying stations was strong.
-The aridity index (A) for these regions, which are characterized by dominant summer rainfall , was calculated as:
where the climate is classified as arid if A < 1 and is progressively more humid as values for A increase.
According to this classification system, none of the study polygons were categorized as arid. Mekelle, Lahama, and Hawzen had the lowest values of A (1.6-1.7), and the Simien Mountains had the highest values (> 8).
The population density for each polygon in 2005 (d, inhabitants km -2 ) was obtained from the gridded world population dataset (CIESIN and CIAT, 2005) , which calculates the density as a weighted average of the population densities of the districts included within the polygons. Although the population of the study area increased greatly during the study period, the vast majority of the inhabitants of the study area have not urbanized and the patterns of population density were assumed to have not changed substantially over time. Therefore, the population density from 2005 may also represent the relative population density from the early 20 th century.
The distance (Dist, in km) to the nearest major town (Mekelle, Gondar or Dessie) was calculated from the center of each polygon, and the maximum Dist was 120 km.
-The longitude (°E) and latitude (°N) of the center of each polygon were deemed to represent climatic gradients.
-The mean elevation (z, in m a.s.l.) of each polygon was obtained from a Digital Terrain Model at a resolution of 90 m (SRTM, 2013).
The mean slope gradient (SG, in degrees) in each polygon was calculated using the 'Spatial Analyst' module of ArcGIS ® (SRTM, 2013).
The recent forest cover was estimated as the fractional area of closed forest cover from the 1990s (F c , in %) within each polygon. A closed forest is particularly evident around the Rift Valley escarpment (Bryant et al., 1997 ).
The estimated original forest cover prior to large-scale disturbances by humans (circa 8000 years ago) (F o , in %) was determined for each polygon (Bryant et al., 1997) . The percent coverage is well below 100% for many polygons, given that there are strong limitations to forest growth in terms of the climate, elevation, soil conditions and topography within the study area.
A regression analysis was performed to explore relationships between these explanatory variables and the values of the indicators of environmental change. To avoid multicollinearity among the various climatic variables and their derived parameters that are generally closely interrelated (Table 3) , we used only the degradation coefficient (C f ), which was more strongly correlated to the observed changes than the other climatic indicators.
*** Table 3 approximately here *** One might consider that correlations with geographical coordinates are not best represented by longitude and latitude, as the study area has a NNE-SSW rainfall gradient . Recalculating coordinates after establishing a rotation of the axes, however, did not enhance the correlations and thus
were not used further. Similarly, combining F o and F c into a recalculated δF to represent changes in forest cover did not improve correlations. The strengths of the relationships among variables were measured using the Pearson correlation coefficient (r). The significance of these coefficients was tested at different probability levels (p) using F-tests (Beguin, 1979) . The correlation between the interpreted indicators for each period and the potential explanatory factors were used to create a correlation matrix, as were the changes observed across the main observation periods, i.e., 1868-1925, 1926-1940, 1966-1985, and 2006-2011 . This analysis allowed for an initial understanding of the driving forces of the observed environmental changes. The time periods from 1941-1965 and 1986-2000 were not used in this analysis because of the small number of polygons with a sufficient number of interpreted photographs for these dates. Multiple regression analysis was used to determine the magnitude of environmental change, which was explained by including several explanatory variables. Stepwise models were created, leaving out the least significant explanatory variable at each step (Beguin, 1979) . To avoid multicollinearity, correlation matrices among the independent variables were inspected ( Table 3 ) to ensure that significantly correlated variables were not included together in the multiple regressions. All of the statistical analyses were performed using the SPSS20 software (IBM, Armonk, NY, United States of America). In this analysis, the repeat photographs pertaining to the city of Mekelle were excluded because the changes observed there were related to urbanization, for which the explanatory factors are very different from those pertaining to changes in rural areas.
As the explanatory factors for the multiple regression equations are spatially distributed, these regression equations were used as models to spatially represent the observed changes. This allowed for spatial interpolations among the center points, where the data for a given indicator in each polygon were located (Loveland and Acevedo, 2006) . Maps were created in ArcGIS (Esri, Redlands, CA, United States of America) by calculating the equation outcomes for 1 km² grid cells and using the values obtained from the above-mentioned spatially distributed thematic data as input variables.
Results
Trends in woody vegetation cover, soil and water conservation and land management
Despite being widely scattered across the study area and representing the full range of regional variability and diverse land management decisions and attitudes at the micro-scale (household or village), a similar temporal pattern was discerned for most of the changes observed in the 361
photographs. The interpretation of visible evidence for changes in woody vegetation, SWC and land management indicated that these were in a worse condition in the earlier years and had improved over time to their current status (Fig. 6) ; the poorest conditions occurred in approximately 1868 and in approximately 1975. In addition to the current optimum in land conditions, there appears to have been a second optimum in the 1930s, which was well documented by the numerous photographers accompanying the Italian army in 1935 and 1936 (Fig. 7) . These trends are very clear for woody vegetation, SWC structures and land management. As there are doubts regarding the sustainability of eucalypt-dominated ecosystems in Ethiopia (Nyssen et al., 2006) , we also analyzed changes in vegetation cover discounting the eucalypts (Fig. 6b) . In that case, the most complete vegetation cover was achieved in the 1930s, with a second best optimum in 2010.
*** Figure 6 approximately here *** *** Figure 7 approximately here *** *** Table 4 approximately here *** *** Figure 8 approximately here ***
Spatio-temporal variability of environmental changes
The correlation matrix among independent variables (Table 3 ) reveals a remarkable correlation between the current population density (d) and the degradation coefficient (C f ) (R = -0.57; P < 0.01) (Fig. 8 ).
The analysis of the spatial variability focused on two dependent variables (woody vegetation and SWC structures) as functions of a set of environmental variables (bio-physical and population). The strengths of the correlations of the explanatory variables with the changes in woody vegetation cover and SWC (Table 4) Table 5 approximately here *** *** Figure 9 approximately here *** Mapping of eq. 4 (Fig. 9 ) reveals that the wider Simien massif had a better vegetation cover in approximately 1900, but the rest of the study area was in a poorer condition at the onset of the 20th century compared to the present. Although it is difficult to perform a formal analysis involving the calculation of commission and omission errors with this dataset of paired photographs, a certain number of archival photographs that could not be repeated under the same angle confirm the mapped tendencies (Fig. 4) .
The relative amount of woody vegetation cover in 1935 (v1935) is poorly correlated with all the explanatory factors. The best regression result is eq. 5 ( Table 5 ). The relative vegetation cover at the end of the 20 th century (v1995) is poorly correlated with all of the explanatory factors, except for the original forest cover (F o ) (eq. 7, Table 5 ).
The 
Discussion
For this environmental change study, we have endeavored to separate the roles of human activities, natural ecological processes and political decisions in environmental change (Bičík et al., 2001; Hietel et al., 2005) . Through repeated photography, our analysis shows that the recent status (2006) (2007) (2008) (2009) (2010) (2011) of the examined environmental indicators is better than it was in earlier decades, second only to the 1930s for woody vegetation when not including eucalyptus (Fig. 6 ). The widespread perception of "everdwindling soil and forest resources" in the northern Ethiopian highlands is challenged by this study.
That perception corresponds to changes that several generations of highlanders observed between the 1930s and the 1980s, but it is not in accordance with the current conditions. A great proportion (though not all) of the vegetation recovery (Figs. 4 , 5, 7 and 10) is due to Eucalyptus, as was also previously observed (Crummey, 1998; Woldeamlak Bewket, 2003) . The growth of economically important eucalyptus trees (Jagger and Pender, 2003; Pohjonen and Pukkala, 1988) Mekonnen et al., 2007) . In many countries, farmers in areas with low levels of natural forests and in close proximity to urban wood product markets engage in increased tree and shrub management. Such increased tree planting is qualified as 'forest transition', resulting from higher prices for wood products due to the scarcity of wood (the 'forest scarcity path') or higher wages and off-farm employment opportunities that encourage farmers to plant less labor-intensive tree crops (the 'economic development path') (Bensel, 2008; Rudel et al., 2005) . Our observations regarding the decline in vegetation cover and conservation intensity from the 1970s-1980s are in line with the observation of gully development beginning from the 1960s and stabilization since the 1990s (Frankl et al., 2011) . *** Figure 10 approximately here *** Although the study area ("northern Ethiopian Highlands") is frequently considered to be quite homogeneous, there are clear contrasts in climatic conditions (Table 2 ). Current population densities are not random but are negatively correlated to the degradation coefficient C f (Fig. 8) , which indicates less human settlement in areas prone to land degradation. Within these highlands, the elevation and mean slope gradient are not correlated to population density; instead, climatic conditions have determined where people have settled.
An increase in vegetation cover after 1868-1925 has occurred across most of the study area, particularly the (north-)eastern portion ( Fig. 4 and 9) . The strongest recovery has occurred in the most degraded areas. In contrast, in the western portion of the study area, where human settlement is thought to be only 200-500 years old (Hurni, 1975) , woody vegetation cover has decreased since the early 20 th century. In addition to the seemingly abundant availability of soil and vegetation, these areas are also less accessible than the eastern portion of the study area. Both factors may induce a decreased focus on the conservation of soil and vegetation among the population and the authorities. When considering the woody vegetation cover at different times, notably from 1868-1925 (1900) and 1926-1941 (1935) The population of Ethiopia, within its current boundaries, increased from approximately 6.6 million to 82 million between 1868 and 2011 (Nyssen et al., 2009) (Fig. 11) . The degradation observed from the 1930s until the 1980s is related to land clearing for food and fuel production (Descheemaeker et al., 2006b; Descheemaeker et al., 2006c; Nyssen et al., 2007; Wøien, 1995) , unequal access to the land (Lanckriet et al., 2014) and ecological shocks related to occurrences of drought and war (Fig. 11, a and c). The vast majority of gullies in the study area developed during that period (Frankl et al., 2011) (Fig.   11, b) . The land rehabilitation that has occurred since then, despite the greatly increased population density, is understandable when one considers the large-scale implementation of land management activities (Fig. 11, d ), the effect of which has overridden that of uncontrolled causes of change, such as those observed earlier in the study period. Environmental recovery programs were initiated by the government in the early 1980s, with collective terracing and reforestation activities later initiated in the then rebel-controlled areas (Munro et al., 2008) . These activities developed through a learning process, including some dysfunctional earlier interventions (Herweg and Ludi, 1999 ) but continue to be implemented today over a very large region (Ciampalini et al., 2012; Kumasi and Asenso-Okyere, 2011; Nyssen et al., 2007) . Physical structures, most notably stone bunds, have been built (Fig. 2 , 5, 10 and 12). The steady increase of physical SWC structures over time has also occurred simultaneously with the increase in population (Fig. 11 ) and is not sensitive to climatic variability. Another key intervention has been the closure of highly degraded areas to livestock, cultivation and indiscriminate tree felling. In these now-protected areas, which comprise up to 15% of the land area (Descheemaeker et al., 2006b; Descheemaeker et al., 2006c) (Fig. 12) , the observed increases in biodiversity and vegetation cover and density as well as the improvements in soil fertility are correlated to the time that has elapsed since land closure (Aerts et al., 2004; Descheemaeker et al., 2006a) . The establishment of protected areas (exclosures) has also enhanced infiltration and biomass production, which together strongly promote land rehabilitation. *** Figure 12 approximately here ***
In the study area, 81% of households remain dependent on firewood for their energy needs. The exclosure policy has been and is a cornerstone of the dynamics of landscape recovery, which has allowed for concurrent increases in human population and vegetation cover. Firewood is available as a result of greater biomass production and the use of bark, leaves and branches of the widespread eucalyptus trees. Current policies aimed at decreased transportation of firewood between districts are valuable, considering the potentially tremendous effects of exporting wood over great distances, as shown in nearby Somalia, where large areas have now become devoid of trees due to the exportation of charcoal to the Gulf States (Baxter, 2007) . Improved protection and management of remnant vegetation, enhancement of access to alternative sources of urban energy and changes in cooking habits (Bereket Kebede et al., 2002) are the highest priorities to sustain the current positive trends. At this stage, development is too recent to establish whether the study area is undergoing its "forest transition," which would mean that the changes in tree cover are no longer inversely proportional to changes in population density (Mather, 1990) . The shift from deforestation to reforestation is still patchy in its distribution, but several elements that induce the forest transition (Lambin and Meyfroidt, 2011) are present in the study area: increasing population, increasing food production, forest scarcity, zoning of forestry land (exclosures) and the expansion of forest (eucalypt) plantations.
The strong influence of population density in several multiple regression equations that explain the increase in woody vegetation cover from that present at the beginning of the 20 th century and the current growth of (planted) eucalypts demonstrate that these changes have been essentially induced by direct human activity, in both cases of removal and regrowth. To date, except in the afro-alpine areas, we have found no evidence that the long-term changes in vegetation density in the study area are the result of either the effects of global changes, such as increases in air temperature or increases in atmospheric CO 2 concentrations or global alterations of biogeochemical cycles (Lewis et al., 2009 ). The local increase in the elevation of the afro-alpine tree line in the Simien Mountains (Fig. 13 ) and in the Abune Yosef massif (Jacob et al., 2014) tend to indicate, however, that such impacts of global change exist at elevations that are not suitable for agriculture or eucalypt planting and most likely only there. *** Figure 13 approximately here ***
The regional variability in the changes in SWC is difficult to explain when considering the long time period since 1868. However, when examined over shorter time periods, some tendencies become clear.
Similarly to the changes in vegetation cover, the observed SWC density increased between 1900 and 1935 in areas with higher population densities (eq. 15). For the changes between 1935 and 1975, we obtained a highly significant model (eq. 16) that includes the population density, longitude and original forest cover. From 1975 to the present, the increase in SWC was greatest in areas that had poor original forest cover (F o ) (eq. 13; Fig. 10 ).
Conclusions
We have long thought that the extremely degraded environment of the 1970s was the anti-climax of a very long trend of deforestation, increase in human population and extractive land management (Munro et al., 2008; Nyssen et al., 2009 ). This study demonstrates that the situation was already bad at the beginning of the 20 th century and that the 1930s was an intermediate optimum in terms of land management. The concept of land and vegetation as an open resource that can be freely used, clearly illustrated in the 1868 photographs of Bolago (Nyssen et al., 2009 ) and even in those from the late 1930s
at Debar Ridge (Fig. 7) , was later abandoned, and land management has been greatly taken care of since the last quarter of the 20 th century.
Concerning the status of the land in the northern Ethiopian highlands, there has been a general tendency towards a recent increase in vegetation cover compared with any other period over the last 145 years, with a second optimum in the first half of the 20 th century. This improved vegetation cover is the result of 30 years of intense rehabilitation activities as well as initiatives by farmers. Physical SWC follows the same trend. In the areas that were and are least degraded, such as the relatively recently settled Simien Mountains, degradation is on-going, whereas the eastern portion of the study area, which was already very degraded in 1868, has benefited from improved land management. In line with Tiffen et al. (1994) and Morris (2010) , our studies for northern Ethiopia confirm that when the environment is exhausted, human society has no option but to be inventive in its relationship with the environment. The long-term trends in woody vegetation cover in the northern Ethiopian highlands, where the cover is now at its greatest extent since 1868, are an issue of global concern as they show that: (1) land degradation is not a monotonous trend but is highly variable over time; (2) the spatial distribution of early changes is essentially induced by uncontrolled factors, such as population density or local climatic conditions, whereas recent changes are induced by conservation efforts (environmental recovery programs); (3) severe land degradation is not irreversible; and (4) except for an apparent upward movement of the upper tree limit, the direct human impact on the environment is overriding the effects of climate change.
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